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INTRODUCTION 


In developing analytical techniques for exploring issues 







related to energy production and utilization in developing countries, 








































we must recognize the substantive differences between conditions in 









many of those countries and those in the advanced industrial natious. 








Abstract 
The industrialized countries have formed the setting for the develop- 





ment of most of our energy systems models and data base formats. Three 













The unique characteristics of the energy situation in developing factors which must be considered when designing analytic approaches 


countries imposes a unique set of requirements on analytical techniques 
used for energy planning. The urgency of the situation requires the 

rapid development and use of simplified models which make maximum use of 
available data but which can reflect the international energy context. 
Those techniques mst also be able to deal with central energy/development 
issues such as energy equity or the energy implication of social equity 
policies, centralized vs. decentralized development, and urbanization. 














are: 1) the nature of the energy situation facing the oil-importing 











LDCs as opposed to the OECD countries, 2) the structural character- 












istics which set the form and purposes for which energy is being con- 










sumed which have eminated out of historical economi:, social, and 








demographic growth patterns, and 3) the broadened range of policies 








and technical "solutions" which will have to be considered. Each of 


these considerations are worthy of detailed examination. 


A. The Nature of the LDC Global Energy Situation 









The energy situation facing many of the most densely populated 





ani poorest oil-importing countries over the next several decades is 
indeed a grim one. Not only is it likely that prices for importing 


petroleum products, on which they are highly dependent, will increase 






substantially, but it is probably that even at real prices doubling 





those now in effect, available supplies will not be sufficient to meet 












the combined demand of the OECD and non-OPEC LDCs in the non-Communist 























world. Of :^ħa several recen 
disturbing development, the | 
demand must be judged the mos 
inclusion of a range of annue 
Communist world based on a se 
oil and its allowance for a 1 
on different GNP growth figu 


situation. 


The WAES analysis, I 
misleadingly optimistic in tv 
the extremely difficult situ: 
themselves in with respect tc 
sumnary, for example, of the 
on unconstrained supply-demar 
estimated potential OPEC proc 
OPEC LDCs to meet their demar 
for imported oil by North Ame 
expected to exceed OPEC expor 
be sure, some of the non-OPE( 
of their own by the year 200€ 
of this oil among other non-( 
non-OPEC LDC oil production w 


these production levels will 





*WOCA stands for World Outsi: 
study. 














t analyses which have pointed to this 

AES analysis of non-Communist world oil 
st complete (1) Its strength lies in its 
J petroleum production rates in the non- 
ríes of projected finding rates for new 


rariety of projected entrgy demands based 


"es and government respcnses to the energy 


jessimistic as it is in tone, is, however, 
ro important aspects. It fails to convey 
ition the non-OPEC LDCs will find 

) world-wide oil shortages. In the WAES 
WOCA oil balance for the year 2000 based 
d estimates, between 21% and 24% of the 
luction of 34-39 MBD must go to the non- 
id. But at this point, the combined demand 
rica, Western Europe, and Japan (OECD) is 
t potential by anywhere from 5 to 12%. To 
> LDC countries will still be producing oil 
). but even assuming an ideal distribution 
PEC LDC countries, the WAES estimates for 
hich range between 5 and ll MBD show that 


not be sufficient. It is noteworthy, for 


le of Communist Areas, as used in the WAES 
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WAES: OIL SUPPLY & DEMANO vs TIME 
HIGH FIGURES 






example, that Walter Levy is quoted in WAES as suggesting that three In OECD countries E declines from a value of .95 in 1976 to .70 in the 









year 2000 to .4 in the year 2025. In OPEC and non-OPEC LDCs the equiva- 





T T : 





developing countries outside of OPEC - Mexico, Egypt, and Brazil - 





will probably account for 40% of non-OPEC LDC production. lent values are 1.2, 11.9 and .85 for the WAES high economic growth case 
















ASSUMPTIONS: 






















HIGH ECONOMIC GROWTH ۱ 1 and 1.2, 1.15 and l.l for the WAES low economic growth case. 
| 90 VIGOROUS GOVT. RESPONCE 
If the situation in the non-OPEC LDCs is projected to be a Ee ስ MEPLACENENT — 
difficult one in the year 2000 (a mere 23 years away) it is due to get HIGHER ENERGY PRICES 20 bbi/yr to 2000 F, in the OECD countries goes from 54% in 1976 to 42% in 2000, 


4 bbi/yr by 2025 






even worse beyond that point. The data in Figure l gives some to 29% in 2025. In the OPEC and non-OPEC LDCs these values are 65%, 








IO bbi/yr to 2000 56% and 45%. 


3 bbi/yr by 2025 





indication of what is in store. They show projected oil demands by OPEC, 























non-JPEC LDCs and OECD countries. These results were obtained by ex- 






WOCA OIL 
PRODUCTION OECD DEMAND 


In Figure 2 we show the results for a different scenario of 











f f Hamester 
panding slightly the analysis in a report by the firm of Donovan, WOCA oil production. Unlike the first case where the production limits 


IN MBDOE 


and Rattien to ERDA. (2) Values shown in this figure are based on the high 






are set by physical constraints, in this case OPEC policy limits WOCA 







WAES scenario, which assumes continuation of high economic growth, rising 









production at 33 MBD in 1980. 


Also shown here are the 





energy prices, and vigorous government response. sok 


WAES estimates of total WOCA oil production. The methodology for Several comments can be made about these results. 






projecting oil demands is similar to the one used in the WAES study and 1. They indicate that the competition for oil on the international 
















market between OECD and non-OPEC LDCs will become 


elsewhere. It is based on the input of three parameters: the annual 


extreme as the end of the century is approached. 


OIL SUPPLY AND DEMAND 


percentage rate for increase in GNP, the energy income tnelasticities, and 













the fraction of total primary energy expenditures derived from petroleum. 2. They indicate that the time available to effect & wholesale 






The time dependence of each of these variables is represented as a linear substitution for oil in the non-OPEC LDCs will be between h0-50 





20 ۳ NONOPEC DEMANO 











function of time. On the whole, the study was optimistic in assessing years at most. 















growth in GNP and the declines in energy income elasticities with time, 3. Finally, taken together, both plots indicate that the critical time 











OPEC DEMANO 1 periods will not be altered except by very sizable changes in the 


















(r) and the oil fractional share of total primary energy (Fo). 


values of the parameters assumed. The largest of these uncertainties 










Y ۸ LA | 1 


1975 85 90 2005 5 25 35 

















For example, GNP growth rates in the OECD countries are assumed to 





centers on the amounts of oil to be obtained from enhanced recovery 







TIME IN YEARS 












d to d from 6% in 1976 to 4.57 in 2000 and to 3.5% in 2025. 
— E derived from these sources may prevent the precipitous drop-off 






Figure 1 
in WOCA oil production that these projections see as starting in 





























IN MBDOE 


OIL SUPPLY AND DEMAND 





WAES: OIL SUPPLY 8 DEMAND vs TIME (WITH OPEC LIMIT) 
| HIGH FiGURES 














TIME IN YEARS 


Figure 2 


p” T 1 I T T | ፐ 
90 - 1 
ASSUMPTIONS : 
HIGH ECONOMIC GROWTH | 
VIGOROUS GOVT. RESPONSE 
sob COAL AS REPLACEMENT ብ 
| HIGHER ENERGY PRICES 
ADDITIONS TO OIL RESERVES 
20 bbi / yr 
70 - - 
OECD DEMAND 
OPEC OIL PRODUCTION 
LIMIT at 33 0 7 
60 = 
50 سا‎ p 
40 - 4 
NONOPEC DEMANO š 
30 ۳ NONOPCC OIL PRODUCTION 
20 سا‎ 7 
[ d 
tei 3 OPEC DEMANO 
ربا‎ A I ^ l 4 L ^ |] 
1 1975 as 95 2005 5 2 5 35 











the year 2000. Oil from these new sources may cost in the range | ۱ Given the extreme sensitivity of the oil imports to these countries 


of $30-40/barrel (in 1976 dollars). If so, then the question arises to such policy decisions, such models must be able to take note of 


as to how much of this additional oil will be affordable by the | ° the effects of global policy changes by energy exporters on the 


non-OPEC LDCs. ER nations in question. 


The data base on which analyses will have to depend, has little chance 


Under such conditions, it is difficult to devine how WOCA oil a 
of being developed to the point where it will allow country-specific 


will be allocated between the non-OPEC LDCs and the OECD countries. 
analyses of energy utilization to the level of detail carried out 


Furthermore, even if one is optimistic that an "equitable distribution" 
in the US and other OECD countries. This means maximum use will 


of WOCA oil production among OECD and non-OPEC LDCs will somehow be | 
have to be made of cross-sectional and time series data now available. 


arranged, many of the most populated oil importing LDCs will te faced 


with the need to substantially reduce their oil demands, and at 
Structural Patterns of Energy Growth in LDCs 





the same time to accelerate the substitution of non-petroleum based 

fuels utilizing alternative technologies. They will also have to learn Existing energy production, distribution and consumption in LDCs 
quickly to allocate their oil based resource imports in order to limit is derived in large part from geographic, economic patters of production 
the disruption of the resulting scarcities to their economies. For example, s and consumption and social structures which have accompanied past growth 
with the depletion of non-commercial fuels, it is likely that a significant | in many LDCs. It is important not only to take note of these elements 
amount of imported oil may have to be allotted to satisfying basic E] in developing a conceptual framework for considering future energy issues 


human demands among a large fraction of the urban and rural populations. and problems in LDCS, but to utilize them as a basis for developing an 


overall scheme for energy management and assessment in the LDCs. Moreover, 


Several conclusions regarding energy planning frameworks can 
since our purpose in developing data bases and planning models is to 


be drawn from this preliminary analysis of global oil supply and demand. 
effect the mobilization of energy resources as a means of sustaining 
1. The developing urgency of the energy situation in many LDCs is 5 | | growth or, alternatively , maintaining stability in the face of increased 
not likely to permit the preparation and testing of highly refined داس‎ e : oil prices and/or shortages, it is essential to understand the relative 
energy models. Rather decision tools aimed at effecting a rapid ۱ responsiveness of each of these elements to changing external and internal 


understanding of the overall situation vis-a-vis energy and national ۱ conditions. Examples of structural elements that affect energy resource 


economic and social development are most likely to be needed. 1 | utilization md distribution are - 




















£ 


Am * 


the patterns of urbanization 

the mix and size of manufacturing industries 

the spatial distribution of land use activities 

the varieties of direct and indirect energy use (non- 
commercial, metabolic, and commercial included) among 
income groups 

the rural-urban population distribution 

the energy-activity linkages in rural households 

the make-up of commodity exports 

the size of the projected population and its age 
distribution 

the patterning of organizations controlling production 
the tendencies to utilize oil as the primary cancer 


carrier. 


Almost all of these factors are characterized by their relative 
resiliency to rapid change except under extreme conditions. Each in 
turn affects the societal distribution of energy in its direct and 
embodied forms and its fuel form. At the same time they demonstrate how 
energy is embedded in underlying processes. Many of these must be dealt 
with if we are, for example, seeking to interpose new ene technologies 


or to reallocate national energy resources in a relative short period. 


Unfortunately, we are just beginning to lea’ something about 
how these structural elements influence national cha. acteristics of 


energy usage (this means the relationship between energy consumed in the 


form of goods and services), the specificity of energy delivery modes, 

the fuel forms and total energy inputs. Some work has been done 

on obtaining energy intensity coefficients as a function of agricultural 
output (by Pimentel and others) (3) and there are the rough calculations on 
rural household energy use profiles by Makujani and Poole\4) and others. 
Other information on how total energy is produced and consumed in 
representative developing countries is known from country-specific 


supply-demand analyses as the ones being prepared by Brookhaven and 


from similar studies going on in India, Korea, Brazil, and the Phillipines. 


Taken together, these preliminary investigations show that in conceptuali- 
zing a framework for energy planning and assessment for LDCs, we must 


require that it be able to accomplish the following - 


1) offer an explicit representation of the linkages between the 
structural elements and energy flows among various production and 
consumption sectors. 
allow for a delinesticr between energy inputs required to satisfy 
basic human needs and those associated with the demands 


of those with higher incomes. 


permit assessment of impacts to the national economy resulting from 


changes effecting the structural components. 


C. Characterization of Energy Policy "solutions" for LDCs 


A final consideration influencing the conceptual framework 


chosen for energy analysis in LDCs is the range of policy 


"solutions" to be considered. In contrast to the advanced industrial 
countries who are considering policies that would substitute new 

fuel forms for oil, or would curtail wasteful energy demands, many 
LDCs will have to consider such basic policies as those affecting their 
basic developmental goals. Others will have to consider stringent 
mandatory controls for allocation of oil to critical end use sectors. 
Some will want to consider utilizing low grade indigenous fuels with 
minimal capital investments. Finally, because of growing shortages in 
non-commercial fuels, a major emphasis in some LDCs will be focused on 


increasing the end use efficiencies in utilizing non-commercial fuels. 


These kinds of policy actions involve much more than simple 
technical and economic feasibility analysis. They all possess institu- 
tional, political, and social overtones. The distributional impacts of 
these kinds of policies are, for example, as important as their effects 
on growth per se. (A situation made more telling by the fact that in 
many of these countries a majority of the populations may be already 
utilizing energy at or near the survival level.) Finally, the wide 
range in per capita energy consumption among income groups must be 


recognized. 


The ability of LDC energy analysis to give guidance on 


broad policies of this type will have a number of influences on the 


conceptual framework chosen. For example, 
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a) The model will have to allow for the relationships between energy 
system characteristics and patterns of social and economic develop- 
ment to be easily understandable to policy-makers with non-technical 
backgrcunds. 

b) It will have to be easily related to variables and modeis now used 
in economic and social planning. 

c) Finally, it must be able to reflect the sensitivity of policy actions 
affecting energy production and utilization within the country to 


international developments affecting imports and exports. 














II. A PROPOSED CONCEPTUAL FRAMEWORK FOR ENERGY PLANNING AND 
MANAGEMENT FOR DEVELOPING COUNTRIES 





The framework outline shown in Figure 3 represents an initial 
attempt to clarify some of the elements that have been alluded to above. 


That is to say, it-has been expressed in terms that will allow it to: 






° provide first a descriptive,and latter an analytical, 


framework for explicitly portraying the role of energy 








in developing countries as e means of fulfilling human 











needs. 


offer governmental officials and other interested in- 










dividuals the ability not only to be able to check the 
consistency of established macro-economic targets with 
available energy resources, but to include the effects 


of variables relatively insensitive to internal policies, 







e.g., population, rural/urban mix, etc. These targets 






and fixed growth variables can form a basis for evaluating 












policies for dealing with reallocation of existing energy 


resources or for substituting new ones, 


The framework contains important parts of the Brookhaven Refere ce 
Energy System in its description of the technical linkages between 


energy resources and intermediate energy forms. It also utilizes the 





methodological approach, developed at BNL and elsewhere, of defining 


energy end-use activities in terms of function, delivery modes, fuel 
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specificities, and final energy inputs. The model also draws fron 
the energy input/output analytical framework pioneered ai; the University 









of Illinois and linked to energy systems models at Brookhaven. There are, 


however, several characteristics which distinguish it somewhat from 
these models. 







° It aims (at least initially) at a comparatively low 
level of disaggregation. 
















It explicitly breaks out the rural household consumption 







sector . 











* It includes flows of direct energy (including non-commercial 





and metabolic forms) and indirect energy flows. Indirect 
energy flows are further divided into those embodied in 


goods and those contained in the provision of services. 


It includes energy as it appears in direct and indirect forms 






in exports and imrorts. 





Although the model is designed to be driven by parameters derived 












from outputs of more sophisticated economic equilibrium models or coupled 
to such models, at this stage we are assuming it will be driven by such 


exogenous factors as population, rural/urban mix, the age 






distribution, and other national targets. Taken together with the income 


dependent patterns of urban and rural energy demand, these are assumed 








to drive levels of final demand, which in turn contributes to inter- 





industy intermediate demands and imports. The level of export commodities 
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assume that the patterning o 
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In most developing 
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relationships between delive 
and total energy inputs. Of 
profiles to allow the unders 
requirements are on basic hu 


trips, food-calorie intakes, 


As a first step in 
the essential variables we h 


widely different income grou 


Some of our prelim 
They indicate that personal 


of energy in urban household 








y. In its preliminary stages, we further 
f commodity and mineral exports and inter-industry 
responsive to shifts in energy prices and 


me is true for the structure of the utilities 


out in the model deserve special mention: 

ergy consumption and transportion. 

ion Profiles 

countries Eausehold energy use profiles 
household income. These profiles include 

y and energy as it appears in the form of 
ivered services. They also contain information 
the services or goods and the functional 

ry modes, end-use devices, and fuel specificities 
particular interest is the ability of these 
tanding of how dependent these energy end-use 
man requirements, i.e., cooking, heating, work, 


etc. 


evolving functional relationships between 
ave begun to analyze energy use among five 


ps in Mexico City. 


inary results are shown in Figures 4 and 5. 
transportation represents a major expenditure 
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groups. The energy embodied in food increases by more than a factor 





















of five between the lowest and the highest income groups. This is 
























pertly due to the increase in more energy intensive foods consumed 











PUBLIC in the higher income groups. This increase occurs both because of the 
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In Figure 5, we show a breakdown of the transportation energy 









expenditures among the five income groups. It becomes quickly 


Blu x 10° 


evident that the very rapid increase in household transportation 























energy consumption is due, in large part, to the movement of the 


upper income groups away from public transportation to privately owned 100} - 


automobiles and taxis. This fact in itself is not as surprising as the 






































fact that this transition occurs at a relatively low income level. 
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We have also broken down the urban household energy consumption 
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according to fuel imputs. What is interesting, but at the same time 





disturbing, is the fact that most of the essential energy needs occurring 


in households of lower income groups are almost totally dependent on 
































refined oil products. This means that even if increased electricity 
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brackets to utilize electricity to meet their demands. Moreover, because 






a large part of the energy to meet indirect consumption of energy for 
Figure 5 


































food is derived from petroleum products, oil would continue to be 


necessary to meet these basic indirect energy demands. 


Mexico City is, of course, fer from being a typical LDC 


urban area. Nevertheless, there are several lessons to be drawn from 


this preliminary analysis. 


1. 


There are probably sufficient data around 46 most LDC urban 
areas to generate at least crude urban household energy use 
profiles for at least several income brackets. 

For the poorer and more highly populated income brackets 
these profiles are not likely to respond quickly to increased 
oil በ9066. This means (1) that fuel switching can only be 
expected to take place slowly in the absence of government 
subsidies and (2) that demand reduction in the sense that 
the level of energy derived amenities will be reduced is 
likely to deprive large numbers of the urban poor of 

the ability to satisfy their subsistence requirements. 

The effect of continued migration to the cities is to 
increase the load on the commercial energy system of the 
nation. 

Redistributing energy among income groups can have a 
significant if not an overwhelming effect. For example, 

if 50% of the transportation energy consumed by the 

highest income bracket (>$10,000) consumer were distributed 


among the lowest two brackets, it would correspond to an 














additional annual energy input of roughly 13 x 10° Btu/ 


household. This corresponds to the energy input in the 
food consumed among the lowest income group and 70% of 
the energy used to produce the food for the next highest 


income group. 


A final note on the urban household energy consumption profiles. 
Analyses of the income dependence of urban household energy consumption 
should be extended to other cities in other countries. We are in the 
process of trying to set up liaisons with groups in several other LDCs 
to obtain similar profiles. Assuming we are successful, it should be 


possible in a relatively short period to discuss urban household energy 


consumption profiles in more generic terms, 


2. Rural Household Consumption Profiles 





A major difficulty in understanding rural energy consumption in 
terms of the benefits derived from the quantity and form of energy 
inputs is the lack of adequate data. Additional difficulties 
come about as a result of the wide variation in living conditions as we 
go from one area to another, and in some cases from one season to another 
(in a single country). These appear as differences in the level of 
activities requiring energy inputs, the mode of delivery of such energy, 
the devices employed, and the fuel forms required. Moreover, much of 
the energy input comes from non-commercial and metabolic sources which 


are difficult to quantify in terms of energy inputs. Finally, because 














. there is no simple surrogate measure for economic well-being such as 


disposable income, relative living standards are uncertain. 


As shown in Figure 6, we have adopted a human settlement approach 
in attempting to structure the interrelationships between household energy 
consumption and such factors as economic well-being, physical setting, and 
social and cultural environment. This perspectíve sees such energy system 
characteristics as the total energy input coefficients, fuel forms, 
and end-use devices employed as following from the sets and levels of 
activities, and the goods and services consumed in the individual house- 
holds. These consumables and their mode of delivery are in turn dependent 
on the size and patterning of the settlement of which the household is a 
»art. Figure 6 shows schematically how we have chosen to organize our 
initial energy characterization of rural household energy consumption pro- 
files. Energy inputs are seen as coming from three main categories of 
consumption. 

+ day to day activities within the home 

. energy embodied in goods to provide food, shelter, and clothing 

* energy embodied in the services to the household by che 


community - transportation, health, water. 


We use Ivan Illich's definition to distinguish between transit, 
which represents movement of people and household goods utilizing meta- 
bolic energy inputs, and transport, which relies on other forms of 


energy inputs. Transit is considered a day to day activity in the home 


atte 


Households 
Lighting 
Transit 
Clothing 
Community 
Sanitation 


Activities 
Services 


and transport a community service. Other community services - sanitation, x It is intended to form the basis of an empirical study to be 
health, education - represent aggregated energy inputs which can only be | | conducted in Mexico. This project will involve several students 
defined within a local setting. Health clinics, for example, involve both | ۱ | | spending extended periods of time in a number of rural areas of 
transit and transport energy inputs (depending on their location) and | Mexico obtaining data on energy consumption. 


hot water, heating and lighting. The unit levels for such services 


of Units 
Constructed per 


We are trying to determine how such a structure might be used 


Services Provided 


to Maintain AT 


Annual Market 


Basket 
Average Annual 


delivered wa ter 
Use/Family 


Liters/Month 


Hours/month 
Trip Length- 
Frequency 
Trip Length- 
Frequency 
Specific to 


Hours/month 
Annual Hours 


can be cast in terms of the numbers of persons, the size of the area 


No. 


being served, and density of the settlement. Unit values for the other to define an energy-human needs index. Human needs would be cast 
ቺ d 
activities/goods/services depend on other factors such as climate, diet, in terms of minimal levels of activities/goods/services require 
ad d 
and the settlement location with respect to other nearby societal to satisfy criteria set by national ai international groups under 
local conditions. Such an index would specify total energy input 


activities. 


Unit Levels 


` Eo c | j | requirements under a specified set of external conditions. This 
۱ ale REA. ES The mode of delivery characterizes how the output for which T kind of index is needed if we are to try to quantify the energy 

energy is being consumed is delivered. Mode definition includes | implications in continuing to set higher and higher targets for 

(combinations of) both fuel input and end-use device. Cooking may | 1 basic human needs in the poorer developing countries. 


involve an open hearth fireplace or a stove. The stove in turn may be a 
Finally, we intend to use this structure to catalogue the energy 


Clinics/Schools 
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Open Hearth 
Lanterns 
Modern 
Traditional 
Tractor 


| — wood or dung burning affair or for kerosene. In the case of food, we 

; | ; i distinguish only between two modes — traditional and modern. The uses in rural areas in different economic groups. We are inter- 
ظ‎ x traditional mode is labor intensive and utilizes little or no fertilizer. A | ested in assessing, for example, the increases in energy end-use 
It also involves little processing before the food is brought into the categories brought about by increasing affluence; the extent to 
home. The modern mode is energy and fertilizer-intensive and involves which more energy intensive modes are likely to substitute for 
lesser ones; the role that land use planning may play in effecting 


more processing before being used. Energy coefficients can be estimated 
such changes; and finally, the effects of introducing higher levels 





Fuel/Material 
Inputs 
Agricultural 

Byproducts 
Kerosine 
Electricity 
Metabolic- 
Animal 
Housing 
Materials 
Gasoline 


for each activity/goods/service output, given the information on the 
of health and other social services. 


modes of delivery. 


We have several purposes in mind in developing such & structure 


for analyzing rural household energy consumption profilès. 


Energy Input 
Coefficients 























It is evident that this area of investigation is extensive and 
complex. At this point, we are interested primarily in establishing 
a methodological approach for empirical studies; and developing an 


initial base of data with which to exercise the overall planning model. 


3. Transportation: Personal Consumption, Movement of Goods, Provision 
of Public Services 








According to the WAES analysis, transportation accounts for 35% 
of total primary energy derived from petroleum in 1972 in the OPEC 
and non-OPEC LDCs. By 1985, such demands are to increase by almost a 
factor of two and a half when they will consume 50% of the total oil 
input for the average of the high and low WAES scenarios. By the year 
2000, transportation energy demand will account for 55% of total oil 
demands. Moreover, between 1985 and 2000, the increase in oil use for 
transport is projected to be almost 90%. This overwhelming role envisaged 
for transportation is confirmed by the preliminary country-specific 
Reference Energy Systems constructed at Brookhaven National Laboratory 
for a representative group of LDCs. The fact that these transportation 
energy requirements do not allow for easy substitution by energy fuels 
in other than liquid fuel forms, makes it imperative that we gain a 
better understanding of the role of transport in overall national 


development . 


We have chosen to consider transportation in our framework as 


a community service that requires energy, The energy 


































energy form yet another structural element in the pattern of energy 


consumption 17 the LDCs. 


Transport energy going to the movement of goods and provision 


of public services also forms a large part of the national transport 





embodied in the service depends on the mode and vehicle used, the 
























efficiency of the driving mechanism and the energy embodied in the 










energy inputs in LDCs. In Mexico City, for example, 24% of total 







. materials constituting the vehicle, roedway, and associated transport 


apparatus. Fuel specificity is linked to driving mechanisms and to transport energy inputs goes to trucks, and 10% to airplanes. In rural 






areas, even our preliminary analysis shows transport energy for the 


movement of goods and provision of public services constitutes the 


delivery node. Transport services are further divided according to 
















their utilization in providing for the locomotion of people and house- 








largest source of commercial energy input to rural households. This 






hold conveniences, movement of goods, and the provision of public 














includes direct energy consumed and energy consumed indirectly in the 





services. 






form of the roads built. 











In this framework, energy consumed in locomotion of people and 


The degree to which f th 
household conveniences (such as water, food, dung in rural households) er any of these commercial and service activities 











might be reduced, made more efficient, or other fuels substituted, depends 





are included in either the rural and urbar household energy consumption 







on the interrelationships between the purposes for which transport service 





profiles. It is evident that the degree to which transport service levels 












is being consumed, the trip lengths, frequency, and loads. We are 











can be reduced (or will be reduced if oil prices increase) in either rural 
attempting to use models of transportation growth in developing countries 





or urban areas depends on household income. Among the lower income 













to understand the 1 es betw t 
groups in the cities and most of the rural population, transit and transport inkages between the goods transport activity levels 


and the modes utilized ° d 
e;.ergy inputs are used to provide essential household service such as و‎ on one hand, and the spatial arrangement of 












going to and from work, drawing water gathering wood, or visits to manufacturing activities, their size and system of distribution. For 
3 > 9 








example, it be that th 
clinics. Moreover, the mode utilized by these groups are those employing m ባቹ 0 e sprawl arrangement of many cities in developing 











high metabolic inputs or relatively efficient means of public transport. countries, the small size of individual manufacturing operations, and the 








Among the higher income groups in urban areas, automobiles are the main tendency to have manufactured products handled by large numbers of geo- 










mode of transport delivery. Mode substitution could reduce this input graphically separated operators accounts for the large good-transport 












activities and the need to depend on small trucks. Our research in 





significantly, though how effective policies to move in these directions 





| this area is just beginning but if t 
could be in actual practice is uncertain, given their lack of success in J ginning hese generalities are supported by 










empirical evidence, it would appear that high demands for transport 





the advanced industrial countries. 








III. ENERGY ISSUES IE DEVELOP 


It is not altogether 
economists, when confronted wi 
increasingly scarcity of a bas 
(almost always) focused or int 
In these so-called solutions, 
or significant revision of pat 
volved. But two things should 
remarks given above. For many 
given to the analysis of inter 
to share the stage with those 
most severe impacts of impendi 
related issues in the LDCs wil 
the equitable ل‎ of de 
Suggestions for technological 
with those areas where such in 
such oil shortages in the near 
following the lead of the OECI 


analysis has shifted abruptly 


This is not to say tt 
term prospect of a transition 
can, or will be, ignored. In 
plans begin to be developed ir 


this transition under accelera 









ING COUNTRIES 


surprising that system analysts and 

th a problem of what to do about an 

ic commodity such as energy, have 
ermediate or long-term "solutions". 

either major technological innovation, 
terns of development are generally in- 

be evident from the thrust of the 

and perhaps most LDCs, the thought‏ و 
mediate and long-term solutions will have‏ 
which can defer, in the near-term, the‏ 

ng oil shortages. This means that energy 
l increasingly turn on the discussion of 
mestic and international oil resources. 
innovation are most likely to be concerned 
novation is seen as a means of alleviating 
-term. In these respects, they will be 

| countries where emphasis on energy policy 


away from the long to the near-term. 


at the issues arising out of the long- 
away from & petroleum-based energy system 
fact, unless long-term national energy 

| the LDCs which are directed to effecting 


ted conditions, tbe long-term prospects 



































2. Increasing Energy Use Effectiveness in the Producing and Government 


Sectors example is offered by the indicated energy requirements associated with 


recent UN global input/output study and the Timbergen study, “Reshaping 
the International Order". Estimates of the energy requirements as- 


in many of these countries will be even worse than those which are 





triggering the near-term concerns. In what follows, we try to identify Much controversy surrounds the notion that developing countries 























4 a number of central issues involved in both these higher priority near can increase their energy use effectiveness. The idea that the LDCs 














term management: efforts and the longer term planning and evaluation should concern themselves with this issue while the advanced industrial sociated with the fulfillment of these targets show them to be beyond 




















activities. ell hope of real attainment. 


nations continue to increase their demands on world wide oil supplies 










has its own element of irony. Even 40, in many LDCs, it will become 
۱ While it is vitally important for the developing countries to 


Energy Management Issues 






increasingly important to review whether available energy resources 
۱ continue to reiterate their insistence on obtaining such objectives, 





1. table Distribution of Available Resources are being consumed in ways consistent with the best national interests 







they should be accompanied by estimates of the size and nature of the 














In almost all developing countries, persons constituting the of the individual country. This calls for analysis of the oil and other 








needed energy inputs. Management tools should allow policy makers in 











۱ vervhelming ۱ 
lower 40% of the income distribution form the o fraction of energy inputs to various manufactured products and to commodity and 






these countries to answer such questions as: Who will benefit by what 




















the population. These low income groups are divided between rural mineral exports. It means assessing the drain on existing energy 







forms of energy inputs? What kind of criteria can be established to 

















villages and urban barrios. In both cases, energy now being consumed resources of current import substitution policies and documenting the 







identify energy investment priorities? To what extent will strategies 





among these groups is, on the whole, going to provide basic human needs. direct and indirect energy consumption of the more non-essential 








for future development insure more effective utilization of the energy 













In the case of the urban poor, for example, the predominant fuels being government services. Possibilities for short term fuel and technology 













resources likely to be available? 






used to satisfy these needs are petroleum based--kerosene, propane, and substitutes will have to be considered along with curtailment of ongoing 













gasoline and diesel fuels. In rural areas, it is predominantly non- activities. 


Energy Planning Issues 
1. Centralized vs. Decentralized Development 









commercial fuels. As prices of oil products increase and scarcities 
























3. Establishing Compatibilities Between Economic and Social Targets 
and Energy Supplies 


There seems little point in trying to manage the allocation of 


















develop, demands for these non-commercial fuels, on the part of the urban 












There are many levels on which this basic issue can be approached. 






population will increase. Some of these fuels, wood, for example, will 











In overall terms, it relates to the basic goals of growth and development 














s enter the commercial market, thereby accelerating the depletion of these 








existing energy resources in LDCs if the targets being used for economic 







itself of a specific country or groups of countries. In its more restricted 







resources and reducing the overall supply for rural families. 











and social planning for growth are incompatible with even the most 








use, it refers to various paths of development. From an energy perspective, 














optimistic estimates of national energy supplies. This appears to be 








Management tools for allocating future energy resources will centralized vs. decentralized development can effect both consumption 

















the case not only for a target set by a number of individual countries, 







have to take account of these and related developments.  Reallocation and production targets toth in form and amount, and the mode used to 











but those get by several international organizetions as well. An 








e en en oF 29፡7 inve 00 99 ههسسدسمه‎ es veni deliver energy inputs to obtain these outputs. Much of the recent debate 
as policies easing the substitution of alternative energy forms such as 


electricity among these groups. 
















on this issue has centered on choice of path. The notion of "appropriate" 
technologies is based on defining alternative decentralized paths. 

Small scale energy production - distribution systems located on-site 

are characteristics of these alternative pathways. Such technologies 

are also viewed as possessing attributes which allow them to fit benignly 


into existing social structures. 


While the issue of centralized vs. decentralized development 
and growth goes far beyond the purview of energy planning, the energy 
system both affects and is affected by these basic choices. This means 
that policies which aim at satisfying future energy demands through the 
use of distributive energy systems must be examined in terms of their 
technical feasibility, relative costs, and secondary impacts on the local 
economy. On the other hand, developmental strategies which emphasize 
development in terms of established goals must also be assessed in terms 
of the requirements they impose on the design of a projected energy 


system. 


2. Rural- Urbanization Migration 





Migration from rural to urban regions, rapid growth of cities 
and surrounding slums, high urban unemployment are all centrally 
important development issues. Some estimates foresee a quadrupling 
in the urban population in the LDCs in the next forty years, with 


growth particularly rapid in the large cities. 








As noted above, urbanization affects national energy demand 
in a number of critical ways. Migration from rural areas to the 
city generally means not only a shift from dependence on non-commercial 
energy forms to commercial energy but an increase in per capita energy 
consumption. Moreover, while an urban population, of necessity, must 
depend on a centralized energy system, decentralized systems 
using various technologies can provide energy in rural areas. Thus, 
the pattern of energy use and delivery is quiet different in cities 
than it is in rural areas, even at comparable levels of well-being. 
Energy patterns in urban areas also depend on the mix and arrangement 
of land use activities. These patterns generally tend tc encourage 


higher energy consumption through their effects on transportation. 


Energy planning models must offer the possibility of estimating the effect 


of urbanization trends and Of allowing the energy impacts of specific 


regional development plans to be assessed. 


3. The Dual Economy 





The traditional accounting of national economic activity and 
energy use concentrates on those activities which take place in the so- 


called commercial sector. It disregards those activities and energy 


forms that are involved with subsistance agriculture and related activities. 


In the poorer developing countries, however, these activities can consume 
up to 85 percent of the man-hours of activity.and up to 50 percent of 


the energy consumed by the society. 





Not only mist non-commercial energy use be considered explicitly 
in any energy planning model, but the required commercial energy inputs 
in rural households must be noted even though they are small compared 
to urban units. Moreover, the process of development in rural areas 
almost certainly involves a shift from non-commercial to commercial 
energy use. That shift is sensitive both to "external" factors such 
as commercial fuel prices, and to policies related to rural development. 
Furthermore, as wood has become more scarce, more expensive and more 
time-consuming to gather, there has been the tendency in some areas to 
substitute cow dung, thereby depriving agricultural soil of badly 
needed nutrients and organic matter. Thus, future increase in national 
oil consumption will be a function not only of the pace of industrialization 
in the organized sector of the economy, but will aiso be driven by develop- 


ments in the rural sector. 


In a macroeconcmic sense, the dual economy is, of course, the 
basis of a number of development economic models. Such models, while 
useful in establishing a basis for energy projection, require much more 
detail in functional end-uses of energy and in the processes used for 
energy conversion. Moreover, they do not give due recognition to the 
technical elements that characterize changes in the energy system. Such 
models shouid be more appropriately considered as a general framework for 
providing economic inputs to energy planning models such as the one 


outlined above. 
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